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Abstract 
In order to fabricate superconducting coated conductors with lower cost, fabrication processes are required high 
material yield. We report an improvement of the material yield of YBCO films prepared by inside-plume Nd:YAG 
pulsed laser deposition method on metal substrates with an architecture of CeO2/LMO/IBAD-MgO/GZO/HastelloyTM. 
In this study, we shortened a distance from the target to the substrate (dT-S) in order to improve the material yield. 
Additionally, we have used Nd:YAG laser because initial and running costs are anticipated to be lower than those of 
excimer laser. As a result, by shorting the dT-S from 40 mm to 20 mm, the material yield increased on 10 mm×10 mm 
substrates. Additionally, by changing the O2 pressure (PO2) from 40 Pa to 400 Pa at dT-S =20 mm, the material yield
had a local maximal value of 18.6% at PO2=200 Pa. On multi-turn (MT) metal substrates, the material yield reached 
56.0%. However, the critical current density (Jc) of the YBCO film which was deposited at dT-S =20 mm and PO2=200 
Pa on the 10 mm×10 mm substrate was 1.2MA/cm2at the edges and 0.2 MA/cm2 at the center  at 77 K in self-field, 
although the YBCO films showed good aligned crystal textures. In order to improve this non-uniformity, we tilted the 
surface normal of the target 15 degree from a line connecting target and substrate. As a result, we achieved the 
uniformity in deposition rate. Then, we prepared YBa1.78Cu2.9Oy target to fabricate YBCO films with stoichiometric 
composition and obtained the uniform-high Jc. 
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1. Introduction 
Recently, a remarkable progress has been made in the fabrication process of REBa2Cu3Oy coated conductors and 
the coated conductors which have critical current (Ic) >300A/cm-width and 500 m in length have been achieved. 
However, for commercialization, we have to reduce production cost by speeding up a deposition rate and increasing a 
material yield. 
Among various methods for deposition YBa2Cu3Oy(YBCO), pulsed laser deposition(PLD) method has became one 
of the notable methods because of the successful fabrication of long-length GdBCO coated conductor in Fujikura Ltd. 
[1]. Especially, an inside-plume pulsed laser deposition (IP-PLD) technique is reported by Chikumoto as a method 
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which enabled high-rate fabrication of coated conductors with improved transport current density[2]. The main idea of 
the IP-PLD technique is to increase the deposition rate simply by shortening the distance from target to substrate (dT-S).
By using the IP-PLD method, the production rate increased up to about three times higher than that of the
conventional PLD method. Additionally, the material yield is an important factor when a coated conductor is put to 
practical use. Ibi reported an improvement of the material yield from 2.6% of conventional PLD method to 26% of 
multi-plume and multi-turn PLD system[3]. And, the more material yield is required. If a deposition process is 
speeded up, production cost will become lower with increasing the material yield. 
In this study, we used the IP-PLD and improved the material yield by optimizing oxygen partial pressure (PO2). 
Additionally, we deposited YBCO films by PLD method with Nd:YAG pulsed laser, because initial and running costs 
are anticipated to become lower by using Nd:YAG pulsed laser than using excimer laser. Nd:YAG pulsed laser are 
also expected a spatial uniformity of laser energy density.  
As a result, the material yield reached three times as high as the material yield by conventional PLD method on 10 
mm×10 mm substrate in this study. Additionally, the highest material yield was 56% and the more material yield can 
be expected. 
2. Experiment 
The fourth harmonic Nd:YAG pulsed laser (wavelength = 266 nm) was used as a laser source for the PLD method. 
YBCO films were deposited on 10 mm×10 mm metal substrates or multi-turn (MT) metal substrates which have about 
10 mm width × 140 mm length × 3 lanes. The substrates have architecture of CeO2/LMO/IBAD-MgO/GZO/Hastelloy. 
The laser repetition rate was 2 Hz and the energy density was set to 2.0 J/cm2. Film thickness of the YBCO layer was 
measured from the cross-sectional SEM image of the film. The dT-S and PO2 were varied in a range of 20–40 mm and 
40–400 Pa, respectively. YBCO targets with several compositions were prepared by solid-state reaction. After 
deposition, the films were slowly cooled down to 400°C in a chamber filled with pure oxygen at 105 Pa and annealed 
for 30 minutes. Additionally, the films were annealed at 400°C in tube furnace flowing oxygen for 120 minutes as post 
annealing. In case of 10 mm×10 mm metal substrates, the material yield was estimated from the ratio of an increment 
of substrate weight to a reduction of target weight during the deposition. And in the case of the MT metal substrates, 
we calculated the volume of a film from the film thickness distribution measured by inductively coupled plasma 
spectroscopy and then the material yield was estimated from the ratio of film’s weight which was calculated from the 
volume of the film to a reduction of target weight. The crystalline structure and the orientation of the films were 
characterized by X-ray diffraction (XRD) with CuKĮ radiation. The GI was defined as full width at half maximum of 
the (103) reflection observed by I-scan. The superconducting properties of the films such as transition temperature, 
critical current and magnetic field dependence of Jc were measured by four probes method. 
3. Result and discussion  
3.1.  Improvement of the material yield  
Atfirst, we tried to improve the material yield by decreasing dT-S. Fig. 1. (a) shows the material yield as a function 
of dT-S. On 10 mm×10 mm metal substrates, the material yield increased from 7.7% to 12.1% with decreasing dT-S 
from 40 mm to 20 mm. Ablated species from the target fly into a reverse-conical shape. Therefore, substrate received 
a lot of the species due to decreasing dT-S and the material yield increased.  
Secondly, we tried to improve the material yield by optimizing O2 pressure (PO2) at dT-S = 20 mm. Fig. 1. (b) shows 
the material yield as a function of PO2. This figure shows that the material yield increases with increasing PO2 up to 
200 Pa and then the material yield decreases with further increasing Po2. The maximum material yield was 18.6%. 
With increasing Po2, ablated species expands into reverse-conical shape and the shape is compressed by ambient gas, 
so that the ablated species would be gathered toward the center of plume and material yield increased. However, at 
more than 200 Pa, because the species can not reach the substrate due to the increase in collision frequency with 
ambient gas, the material yield decreased. 
On the MT substrates, we deposited YBCO film and measured the material yield. As a result, the material yield was 
33% for PO2=40 Pa and dT-S=35 mm without tape movement in Fig. 1. (a). Because increment of deposition area by 
using the MT substrate increased the species which were received on the substrate, the material yield increased. Then, 
by increasing the PO2from 40 Pa to 160 Pa, the material yield reached 39.1%(PO2=80 Pa) and 56.0 %(PO2=160 Pa). In 
Fig. 1. (b), the material yield still tends to increase up to at least PO2=160 Pa. Thus, we can expect higher material 
yield at higher PO2.  
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Fig. 1. (a)dt-s dependence of the material yield on 10 mm×10 mm substrates and on  MT substrates at Po2=40 Pa, (b)The Po2 dependence of the 
material yield on 10 mm×10 mm substrates at dT-S=20 mm and on MT substrates at dT-S=30 mm 
3.2. Fabrication of YBCO films with good uniformity and high superconducting properties 
We measured superconducting properties of YBCO films on 10 mm×10 mm substrates at Po2 = 40 Pa and dT-S = 40 
mm (optimal condition), and also at Po2 = 200 Pa and dT-S = 20 mm. We cut the samples into four pieces and measured 
each superconducting properties. Nevertheless the highest Jc of the YBCO film which is obtained in our laboratory is 
about 2.0 MA/cm2 across a film, the Jc of the YBCO films which showed maximum material yield of 12.1% was 1.2 
MA/cm2 at the edges of the sample and 0.2 MA/cm2 at the center of the sample. Here, the center corresponds to right 
above the center of the plume. Even on a narrow 10 mm×10 mm substrate, Jc was non-uniformity. 
Fig. 2. shows deposition rate of YBCO layers as a function of a position on metal substrates. The deposition rate 
under the condition of Po2 = 200 Pa and dT-S = 20 mm was represented by closed circle in Fig. 2. The deposition rate at 
the center of the substrate had the highest value and was about 4 times as high as that at the edges of the substrate. Due 
to the compression of plume, the material yield increased. However, deposition rate did not become flat distribution 
due to concentration of the species. 
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Fig. 2. The position dependence of deposition rate at optimal condition and at dT-S =20 mm and PO2=200 Pa 
 
Non-uniform deposition rate would bring on the Jc non-uniformity. We discuss the actual mechanism as following.
The GIof YBCO films deposited at optimal condition was typically 2.952°, and one of YBCO films deposited at Po2 = 
200 Pa and dT-S = 20 mm was 3.332° at the center of the substrate and 3.593° at the edges of the substrate. Although 
the GI of YBCO film at Po2 = 200 Pa and dT-S = 20 mm was worse than that of YBCO at optimal condition, the GI at 
the center and that of the edges of substrate were almost same. Therefore, the Jc non-uniformity was not caused by the 
GI. 
We estimated c-axis length of the YBCO films from XRD patterns. The c-axis length of the YBCO film deposited 
at optimal condition was typically 11.696 Å. On the contrary, the c-axis length of the YBCO film deposited at Po2 = 
200 Pa and dT-S = 20 mm was 11.761 Å at the center of the substrate and 11.721 Å at the edges of the substrate. These 
c-axis lengths were very different each other. Foltyn et al. said that deterioration of superconducting properties in a 
film which was deposited at high deposition rate was caused by O2 deficiency and cation disorder[4]. The 
superconducting properties were not improved by various O2 annealing process. Therefore, we concluded that the non-
uniformity of the deposition rate resulted in the non-uniformity of cation disorder. 
In order to improve the uniformity in the IP-PLD method, we tilted the surface normal of the target 15 degree from 
a line connecting target and substrate. The plume moved precessionally due to this target tilt. We defined this tilt angle 
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as T. Fig. 2. also shows the deposition rate distributions for various T. The deposition rate exhibited the best uniformity 
when T was 15°. In addition, the c-axis length of the YBCO films under T= 15° was about 11.711 Å across the film.  
Because of the precession movement of plume, the material yield decreased from 18.6% to 15.0% on 10 mm×10 mm 
substrate. However, YBCO film at T= 15° was deposited on wider area than at T= 0°. When using a large substrate, a 
material yield would increase even at T= 15°.  
Fig. 3. (a) shows the Jc dependence on a position on a sample and Fig. 3. (b) shows the Tc as a function of the 
position. By tilting the target, the Jc and the Tc of the film was almost same at any position on the film. 
In addition, Chikumoto said that off-stoichiometric target is favourable in the case of IP-PLD method. In our case, 
the composition ratio in the films deposited at Po2 = 200 Pa and dT-S = 20 mm was Y : Ba : Cu = 1 : 2.15 : 2.82.  In 
order to adjust composition ratio in the films, we used a target with the composition ratio of 1 : 1.78 : 2.9. By using 
this off-stoichiometric target, we obtained films with 1 : 1.92 : 2.72 of which composition was almost the same with 
the composition ratio of the film deposited at optimal condition. Due to this improvement of the composition and 
target tilting, we obtained the YBCO film which had Jc of 1.7 MA/cm2 at 77 K self-field and Tc of 88 K across the film 
plotted in Fig. 3. by stars. 
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Fig. 3. The position dependence of (a) Jc and (b) Tc. 
 
4.  Conclusion 
We fabricated YBCO coated conductors with high material yield by using the IP-PLD method and improved the 
uniformity of the deposition rate. As a result, the material yield increased up to 3 times higher than that for the 
conventional PLD method on 10 mm×10 mm substrate. In this study, the highest material yield reached 56% on MT 
substrate. However, the films on 10 mm×10 mm substrates at dT-S=20 mm and PO2=200 Pa had non-uniformity of the 
deposition rate and the superconducting properties. By utilizing an off-stoichiometric YBa1.78Cu2.9Oy target and
precession movement of the plume, we were able to fabricate a YBCO film with the Jc value of 1.7 MA/cm2 across the 
film.  
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